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tive, given the paucity of comparative reports. Over the
past 6 years, our main approach has been primary repair
in infancy, although a subset of patients has also under-
gone pulmonary artery banding. Another group of
patients has undergone complete repair after primary
palliation elsewhere. In the present study, we sought to
examine results in infants undergoing primary closure
of multiple VSDs and repair of associated lesions, in
comparison with those undergoing palliation. 
Patients and methods
Patients. Between July 1992 and January 1998, 45 patients
with multiple (‡ 2) VSDs underwent surgery. Patients were
reviewed and retrospectively divided into 3 clinical groups:
group 1 patients (n = 31) underwent primary complete repair
of multiple VSDs and associated anomalies; group 2 patients
(n = 8) underwent palliation at our institution with either pul-
monary artery banding (n = 7) or a modified Damus-Kaye-
Stansel procedure (n = 1); and group 3 patients (n = 6) under-
M ultiple ventricular septal defects (VSDs), whetherisolated or associated with other cardiac abnor-
malities, pose a difficult management problem.
Treatment options include primary surgical repair, pal-
liative pulmonary artery banding, and transcatheter or
intraoperative device closure.1-12 However, it is difficult
to determine which of these techniques is most effec-
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went complete repair after previous pulmonary artery band-
ing performed elsewhere. Thirty-eight of the 39 patients in
groups 1 and 2 were infants, with a median age of 69 days
(range 6 days–2 years). The age difference between patients
in groups 1 and 2 was not substantial. Four of the 6 patients
in group 3 were beyond 1 year of age, with a median of 3.4
years (range 2 months–5.3 years). The median weight in
groups 1 and 2 was 4.5 kg (range 2.1-10 kg) and in group 3,
14.5 kg (range 4.3-17 kg). 
Eight patients had isolated multiple VSDs, and 37 (82%)
had additional cardiac abnormalities (Table I). Clinical pre-
sentation varied according to associated cardiac malforma-
tions. The majority of patients in all groups had failure to
thrive, congestive heart failure, cyanosis, or a combination of
these symptoms, although 5 patients in group 1 and 1 patient
in group 3 were free of symptoms. The diagnosis was made
in all patients by means of cross-sectional and Doppler
echocardiography. Diagnostic cardiac catheterization was
also performed in 10 group 1 patients, 2 group 2 patients, and
all group 3 patients. No patients underwent transcatheter
interventional procedures.
Characterization of VSDs. Multiple VSDs were defined
as more than 1 VSD. VSDs were characterized as inlet, mus-
cular (trabecular), perimembranous, and infundibular (out-
let), according to the classification of the ventricular septum
published by Soto and associates.13 Muscular VSDs were
characterized according to the classification proposed by
Kirklin and coworkers,4 according to which posterior muscu-
lar defects are located in the inlet area (infratricuspid or inlet
septal) of the muscular septum, anterior muscular defects are
located anterior to the septal band of the septomarginal tra-
beculation, midmuscular defects are proximal to the modera-
tor band, and apical defects are below the moderator band in
the ventricular apex. We defined “Swiss-cheese” septum as
multiple VSDs involving all components of the septum and/or
morphologic characteristics suggestive of non-compaction.
Patients with complex multiple defects involving only 1 or 2
components of the septum were not considered to have
Swiss-cheese septum. They included patients with multiple
defects in only the trabecular septum, a pattern that is often
referred to as Swiss-cheese VSD. 
Defects in each patient were characterized on preoperative
imaging and intraoperative inspection. The numbers and
types of defects in each group and in the entire patient popu-
lation are summarized in Table II. A large majority of patients
(73%) had more than 2 VSDs, and almost half (44%) had
more than 3 defects. The most common types of defects in all
3 patient groups were apical and midmuscular.
Operative techniques. Standard techniques of cardiopul-
monary bypass with aortic and bicaval cannulation and mod-
erate hypothermia (25°C) were used in patients who under-
went intracardiac repair. After institution of bypass, the aorta
was crossclamped and cold crystalloid cardioplegic solution
was given into the aortic root. The caval snares were then
tightened and a standard right atriotomy was performed. In
the patients with associated cardiac abnormalities, the tech-
nique of cardiopulmonary bypass was modified as necessary
according to the additional anomalies, and additional proce-
dures were performed as necessary. Circulatory arrest was
used only in 1 patient from group 1 who underwent concur-
rent repair of interrupted aortic arch and closure of multiple
VSDs.
The ventricular septum was examined through the tricuspid
valve. A number of unique technical maneuvers typically not
used for closure of perimembranous VSDs were used. One
important maneuver was incision of the trabecular muscula-
ture to define complex defects in the muscular septum. The
moderator band was often divided for this purpose as well.
Closure of the VSDs was entirely through a right atriotomy in
all patients except for 1 patient with transposition of the great
arteries who had closure of an outlet defect through the pul-
monary valve. In 1 case it was possible to close an anterior
muscular VSD on the left ventricular aspect of the septum
Table I. Additional cardiac abnormalities by patient
group
Additional 
abnormalities Group 1 Group 2 Group 3 Total
PDA 3 1 0 4
ASD 2 0 1 3
AVSD 3 0 0 3
Aortic coarctation 3 2 0 5
Tetralogy of Fallot 3 0 0 3
Pulmonary stenosis 1 0 0 1
Interrupted aortic arch 1 0 1 2
TGA/DORV 7 2 1 11
Other defects 3 2 0 4
PDA, Patent ductus arteriosus; ASD, atrial septal defect; AVSD, atrioventricu-
lar septal defect; TGA, transposition of the great arteries; DORV, double-out-
let right ventricle.
Table II. Details of VSDs
Variable Group 1 Group 2 Group 3 Total
No. of patients 31 8 6 45
Type of VSD*
Perimembranous 13 3 1 17
Inlet 7 2 1 10
Outlet 1 2 0 3
Posterior muscular 11 4 2 17
Anterior muscular 11 4 3 18
Midmuscular 17 5 3 25
Apical muscular 16 7 5 28
Swiss-cheese septum 3 6 3 12
Total No. of VSDs 107 38 23 168
Mean No. of VSDs 3.5 4.8 3.8 3.7
per patient
No. (%) of patients 20 (64%) 8 (100%) 5 (83%) 33 (73%)
with >2 VSDs
No. (%) of patients 11 (35%) 6 (75%) 3 (50%) 20 (44%)
with >3 VSDs
*Number of patients with each type of VSD.
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through a large perimembranous VSD that was exposed via
the right atriotomy. No patient required left or right ventricu-
lotomy. VSDs were closed either with an autologous peri-
cardial patch (sewn in with continuous or interrupted pledget-
supported sutures, or both) or with interrupted pledget-
supported sutures. A combination of these techniques was
used in 23 patients, whereas patch closure only was used in
11 and interrupted pledget-supported sutures only in 3 (all
with associated defects). In 4 group 1 patients with multiple
muscular VSDs, the entire trabecular septum below the mod-
erator band was patched with a single large piece of peri-
cardium. The patch was sewn in with a continuous 4-0 or 5-
0 polypropylene suture, with a larger than usual needle and
deeper tissue penetration to bulk up the thick trabecular mus-
cle. Interrupted pledget-supported sutures were then used to
reinforce the suture line as necessary. These same techniques
were used to a lesser extent in 14 other patients, with 1 large
patch used to close multiple VSDs. In 2 patients, the left side
of the ventricular septum was explored through the aortic
valve to make sure that all VSDs were incorporated into the
closure. In these patients, a thick silk suture was passed
through the VSD from the left side and pulled through from
the right side to delineate the full extent of the defect. The
repair was evaluated with intraoperative transesophageal
echocardiography in all patients except for a 2.2-kg infant in
whom intraoperative epicardial echocardiography was used.
In all patients with evidence of residual shunting by trans-
esophageal echocardiography (except for 2 with pinpoint
defects), blood samples were drawn in the operating room for
superior vena caval and pulmonary arterial saturations after
discontinuation of bypass and hemodynamic stabilization for
the purpose of calculating the magnitude of the shunt.
In group 3 patients, who underwent closure of VSDs after
primary palliation elsewhere, the pulmonary artery band was
removed and the pulmonary trunk reconstructed. In 3 of these
patients, patch augmentation of 1 or both branch pulmonary
arteries was also necessary.
In patients undergoing palliative pulmonary artery banding
(group 2), cardiopulmonary bypass was not used. Median
sternotomy or thoracotomy was the surgical approach. The
pulmonary trunk was dissected completely and the right and
left pulmonary arteries were identified. A silicone elastomer
band was passed around the pulmonary trunk, with the appro-
priate length determined by the formula reported by Trusler
and Mustard.14 Indications for banding included avoidance of
bypass in 2 infants with coarctation and multiple muscular
VSDs who were admitted with profound circulatory collapse,
Swiss-cheese septum with non-compaction syndrome in 2
infants, Swiss-cheese septum in 1 infant with Taussig-Bing
anomaly, small right ventricle with Swiss-cheese septum in 1
infant, crisscross ventricles with multiple muscular defects in
1 infant, and multiple small muscular defects in 1 infant with
transposition who was examined at 3 weeks of age.
Data analysis. Perioperative data were collected on retro-
spective review of patient records. Cross-sectional follow-up
was conducted by contacting the referring cardiologist.
Statistical analysis was performed with the use of SPSS for
Windows version 6.01 (SPSS Inc, Chicago, Ill). Dichoto-
mous variables were compared between 2 groups of patients
by means of the Fisher exact test. Continuous variables were
compared between 2 groups by means of the independent-
samples t test. Actuarial survival analysis was performed by
use of the Kaplan-Meier product limit method.
Results
Early results. One early death occurred in a 64-day-
old group 1 patient who had a staged repair of coarcta-
tion and multiple VSDs during the same hospital admis-
sion. Low systemic perfusion after the coarctation
repair was the rationale for the decision to close the
VSDs 30 days after the coarctation repair. The patient
tolerated the procedure well and was in stable condition
on return to the intensive care unit. Approximately 8
hours after the operation, however, the patient had a car-
diac arrest and did not respond to resuscitative efforts
that included resternotomy and exploration.
Six early reoperations were required in 4 patients, all
of whom were in group 2. In all 4 of these patients, the
reoperation was related to the pulmonary artery band: 1
patient required band revision twice and ultimately
VSD closure for failure to thrive, 2 others required
revision for failure to thrive, and 1 required removal of
the band after spontaneous closure of the VSDs led to
decompensation 21 days after the band was placed (this
patient was admitted at 3 weeks of age with transposi-
tion of the great arteries and multiple small VSDs). 
No hemodynamically significant residual VSDs were
detected in patients who underwent complete repair
(groups 1 and 3). Small (about 1-2 mm) residual
defects in the trabecular septum were seen by trans-
esophageal Doppler echocardiography in 16 patients,
12 in group 1 and 4 in group 3. These were primarily
apical defects, although some were midmuscular or
anterior. All, however, were hemodynamically insignif-
icant, with a pulmonary/systemic blood flow ratio esti-
mated by the Fick method at between 1.0 (no step-up in
oxygen saturation from the superior vena cava to pul-
monary artery despite very small defects identified by
Doppler color flow echocardiography) and 1.3. It was
not necessary to return to cardiopulmonary bypass to
close residual defects in any patient. However, 1 patient
in group 3 was returned to bypass for resection of
hypertrophied infundibular muscle after intraoperative
transesophageal echocardiography revealed a sub-
valvular gradient of 80 mm Hg, which had been
obscured in the preoperative period by the presence of
the pulmonary artery band. Two patients in group 1
required placement of a permanent pacemaker for com-
plete atrioventricular block. An additional 10 patients
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had transient postoperative rhythm abnormalities, 9 in
group 1 and 1 in group 3. Median hospital stay was
13.5 days in group 1 (5-32 days), 13 days in group 2 (5-
20 days), and 9 days in group 3 (5-20 days).
Follow-up. Cross-sectional follow-up was obtained in
all survivors, with a median duration of 22 months (5-55
months). There was 1 death during the follow-up period,
in a group 2 patient with Taussig-Bing malformation
who had methicillin-resistant Staphylococcus aureus
sepsis and died 5 months after the operation. Another
patient who underwent palliation required cardiac trans-
plantation for progressive ventricular dysfunction 19
months after the operation. Actuarial survival among
patients who underwent repair was 97% at 5 years. 
The only late operation was for closure of the multiple
VSDs and removal of the pulmonary artery band 8
months after the operation in a group 2 patient who had
progressive cyanosis. At follow-up echocardiography, no
patients in group 1 or 3 had significant residual VSDs,
and in all but 4 patients, the small residual defects seen
on intraoperative transesophageal echocardiography
were no longer evident. Ventricular function was normal
in all but 1 patient, who had depressed ventricular func-
tion, with an ejection fraction of 40% and septal dyski-
nesis. This patient had not undergone significant septal
patching. Among the surviving group 2 patients who had
not undergone VSD closure or transplantation, 1 patient
with crisscross ventricles and 5 muscular VSDs had
mildly depressed ventricular function.
Discussion
Multiple VSDs may occur as an isolated lesion or in
conjunction with a variety of other congenital cardio-
vascular defects. Patients typically have symptoms early
in infancy and often in the neonatal period if associated
lesions are present. As in this report, patients with mul-
tiple VSDs may be grouped together as a single series.
However, it is important to remember that management
considerations can vary substantially, depending on fac-
tors such as the number, size, and location of defects,
the presence and nature of associated anomalies, and the
clinical status of the patient. In part because of the con-
siderable variety seen in patients with this complex con-
dition, the treatment of multiple VSDs remains contro-
versial on a number of points. Primary surgical repair
and palliation have been the standard approaches for
many years,1-8 but transcatheter device closure provides
another option.9,10 Although catheter-based techniques
appear promising, they are not yet widely used for the
closure of complex VSDs, and their utility may be lim-
ited at present to larger children. For the time being, at
least, operative management remains the gold standard.
However, even among patients managed surgically, the
optimal approach is a matter of debate. 
As many surgeons have observed, it can be extremely
difficult to visualize and close all of the defects in the
septum from the right ventricular aspect. Before the era
of Doppler color flow imaging, difficulty in preopera-
tive identification of the multiple defects made primary
repair an especially challenging endeavor. This, along
with the frequent presentation in early infancy, led
many to approach multiple VSDs with palliative pul-
monary artery banding to provide relief from conges-
tive heart failure.15-18
The results of our series and previous studies7,8
demonstrate that pulmonary artery banding is not indi-
cated in the majority of patients and may in fact be
detrimental both in the early postoperative period and
later, at the time of complete repair. In our series, band-
ing was accompanied by a higher incidence of early
postoperative complications. Although the relatively
small number of patients precluded meaningful statisti-
cal analysis, 4 of 8 patients who underwent palliation
(group 2) had complications necessitating reoperation
in the early postoperative period, compared with no
early reoperations and 1 early death in the 37 patients
who underwent primary repair. In addition to perioper-
ative complications, patients who undergo primary pul-
monary artery banding may pose management prob-
lems later as well, because they will inevitably require
subsequent reoperation for removal of the band and clo-
sure of remaining defects, if applicable. As others have
found, subsequent identification and closure of trabecu-
lar VSDs was much more difficult in patients in our
series who underwent repair after a prior pulmonary
artery band (group 3), because of hypertrophy of the
ventricular septum and right ventricular trabeculae after
a period of long-standing right ventricular hyperten-
sion.7,8 Right ventricular hypertrophy can also lead to
subvalvular pulmonary outflow tract obstruction that
may be obscured by the pulmonary artery band on pre-
operative evaluation, as was the case in 1 of our
patients. Moreover, complications of the pulmonary
artery band may occur as well, including inadequate
protection of the pulmonary vascular bed and distortion
of the pulmonary artery or valve, or both. For example,
in a recently reported experience with pulmonary artery
banding, the band was found to be inadequate at the
time of follow-up in 29% of patients.18 After eventual
repair in 60 patients, the mortality was substantially
higher in patients with an inadequate band than those
with an adequate band. In addition, pulmonary artery
reconstruction is invariably necessary. Despite the many
potential drawbacks of banding, there are nevertheless
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patients who are extremely ill or who have Swiss-
cheese VSDs in whom it remains a reasonable option.
In the past, some surgeons believed that the morbidity
of pulmonary artery banding compared favorably in
many instances with that of surgical repair, because a
transventricular approach was commonly used, leading
to complications such as ventricular dysfunction,
arrhythmias, or ventricular aneurysm formation in a rel-
atively high percentage of patients.19 On the other hand,
however, left ventriculotomy was and still is advocated
by some as the approach of choice for closure of diffi-
cult muscular VSDs.2,3,5 In the current era, practices
have evolved so that extensive ventricular incisions are
generally avoided, and surgeons who do continue to use
a transventricular approach tend to create a small left
ventriculotomy at the apex.6,6a,8 Such modified methods
may have fewer attendant complications than more
extensive ventricular incisions, as several centers have
reported.6,6a,20 Ultimately, only time will tell. We prefer
not to take a transventricular approach, because we
believe that all significant defects can be closed by
means of less potentially detrimental methods.
In our experience and that of others, primary repair of
multiple VSDs can be achieved with excellent results,
and we recommend this approach in nearly all sympto-
matic patients, even neonates and premature or low-
birth-weight infants. We have found that adequate clo-
sure of all hemodynamically significant VSDs can be
achieved without left or right ventriculotomy. Creative
approaches will help facilitate adequate repair without
a ventricular incision. For example, the left side of the
interventricular septum can be visualized and often
accessed through the aortic valve, mitral valve, or large
perimembranous or inlet VSDs. Division of right ven-
tricular trabeculations can aid with exposure of trabec-
ular defects, which may be difficult to close owing to
multiple sites of jet penetration through a defect as a
result of the highly trabeculated right ventricular aspect
of the septum. One technique to overcome this chal-
lenge is to place a single large patch over an extensive
portion of the trabecular septum, which is most useful
in patients with multiple muscular defects. Another
useful technique, recently described by Kitagawa and
colleagues,8 is to pass an oversized patch through the
defect after resection of trabeculae and sew it to the left
ventricular aspect of the septum by passing interrupted
pledget-supported sutures through the septal muscle
from the left ventricle and tying them on the right ven-
tricular side. Kitagawa and colleagues8 also described a
technique for closure of an anterior muscular defect
that does not require a patch, in which interrupted pled-
get-supported sutures are passed through the rim of the
defect, then through the right ventricular free wall, and
tied on the epicardial surface of the heart to cinch the
rim of the defect and the ventricular wall together.
Others have reported reliable and successful closure of
small muscular defects with biologic glue.21 Whichever
technique is used, our experience is that all significant
defects can be closed with good long-term function,
except in the few patients who may have primary
myocardial abnormalities.
One particularly challenging group of patients is
those with so-called Swiss-cheese septum. This term
may be used and interpreted in different ways, but it is
often synonymous with multiple defects in the trabecu-
lar septum. However, we considered true Swiss-cheese
septum to encompass morphologic features resembling
ventricular non-compaction, as well as defects involv-
ing all components of the ventricular septum. Ac-
cording to this definition, many of the patients with
multiple defects in the trabecular septum were not con-
sidered to have Swiss-cheese septum. Their VSDs were
repaired by means of the techniques described with a
single large patch. In patients with true Swiss-cheese
septum, adequate closure of the multiple defects essen-
tially requires ventricular septation with a patch. Their
outcome may be complicated by abnormal ventricular
function. One such patient in our series required heart
transplantation 19 months after palliation for transposi-
tion of the great arteries with multiple VSDs. Another
patient with this type of multiple muscular VSDs has
depressed myocardial function at follow-up. In other
series, patients have required transplantation for poor
ventricular function,8 and although the specific details
of these patients’ anomalies were not described, they
may have had some degree of ventricular non-com-
paction as well. This group of patients may be better
served by pulmonary artery banding, with the hope that
some of these defects may close as a result of ventric-
ular myocardial hypertrophy and growth.
In conclusion, the preferred approach in almost all
cases of multiple VSDs is primary closure through a
right atriotomy. Excellent results can be obtained with
this approach, even in neonates and low-birth-weight
infants. Palliation may be appropriate in selected
patients who are sufficiently ill that they cannot rea-
sonably be expected to tolerate bypass (ie, respiratory
syncytial virus pneumonia or severe systemic illness)
or in cases of true Swiss-cheese septum with or without
ventricular non-compaction. However, in the majority
of patients palliative procedures should be avoided.
They can be expected to have a higher rate of perioper-
ative morbidity and lead to a more difficult operation at
the subsequent procedure to close the remaining de-
fects. In general, we believe that repairs performed via
a ventriculotomy are suboptimal, although the ultimate
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verdict on the limited form of left ventriculotomy used
in other series6,6a,8 is still not clear.
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Discussion
Dr Constantine Mavroudis (Chicago, Ill). Dr Seddio and
his colleagues have presented an excellent series of patients
with multiple VSDs who underwent surgical therapy consist-
ing mostly of primary closure. A small group of their patients
with defined indications underwent pulmonary artery banding. 
This is a difficult set of patients whose therapy has varied
over the years. Reports describing left ventriculotomy, right
ventriculotomy, and other cavitary entry points have been
described, not to mention newer therapeutic methods such as
umbrella devices. 
The authors have clearly demonstrated that primary closure
can be accomplished even at a young age and in low-birth-
weight babies. To their credit, they also have offered a set of
circumstances in which pulmonary artery banding is reason-
able and in fact indicated. 
The key to closure of multiple VSDs is accurate identifica-
tion, edge detection, and proper cavitary entry. The tenets of
trabecular incision and resection, interrupted suture technique,
proper use of patch material, and the use of transesophageal
echocardiography should allow most centers to duplicate these
outstanding results. I have a few questions for the authors. 
In your manuscript you made reference to the moderator
band incision to locate the extent of the VSD. Anyone who
does this operation recognizes that it is like trying to find a
swimming pool through a forest of trees in the summer. Did
you ever excise portions of the moderator band and/or asso-
ciated trabeculations? If you did, did you notice significant
changes in ventricular function that can be attributed to either
the incision or excision of the muscle? 
I am also interested in the apical VSD. Sometimes it is hard
to recognize the boundaries of the defect in this kind of
patient as well. Did you place sutures from the epicardial sur-
face through the wall of the ventricle to delineate the lower
end of the defect? 
Last, you measured left-to-right shunts based on oxygen
step-up from the right atrium and I assume the pulmonary
artery. These data were supported by transesophageal color
flow Doppler echocardiography. Although you did not have
to resume cardiopulmonary bypass, what data points would
you choose to recommence cardiopulmonary bypass and
close a residual VSD?
Dr Hanley. We try not to cut the moderator band. It is usu-
ally less significant trabeculae that are farther down; I do not
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have the exact number, but we did cut the moderator band in
a definable number in this series, and, yes, right bundle
branch block does develop. I do not know that we were clear-
ly able to define any reduction in right ventricular function
after cutting the moderator band. Most of the time it was sim-
ply a matter of incision; occasionally we did actually cut out
a small piece of muscle. 
Dr Mavroudis. If you were not happy with the result, would
you go back and do a pulmonary artery band at that time? 
Dr Hanley. That is a judgment call with every case. If we
had a pulmonary/systemic flow estimate of under 1.5:1, we
would not even think of going back. If it were under 2:1, I
would make a judgment call on the basis of whether I thought
I missed something I could have or should have gotten. If the
pulmonary/systemic flow ratio was substantially greater than
2:1, I think I would take the patient off bypass and observe
how he was doing. If he was doing fine, I would not inter-
vene. If the child had a large shunt with pulmonary hyperten-
sion, then I would probably consider inserting a band. We
have not had that situation yet. 
Dr Mavroudis. To treat an apical VSD, do you use sutures
on the epicardial surface to bring it through? 
Dr Hanley. Yes. In a few cases in this series, both for api-
cal and for some higher anterior defects, the patch sometimes
was secured transmurally, obviously making sure to avoid the
coronaries. 
Dr Francois Lacour-Gayet (Paris, France). We at Marie
Lannelongue in Paris share the same strategy of early total
repair, which we have applied to nearly 200 patients. 
I have 2 questions: First, despite repeated echocardiogra-
phy and even angiography, we have frequently misdiagnosed
Swiss-cheese VSD. Have you met these same difficulties and
on what examination do you rely? 
The second question concerns low weight. In our hands,
the limiting factor of closing multiple VSDs is probably not
the number of VSDs to close but the viability of the residual
muscular septum after closure. What is your attitude regard-
ing very low weight? 
Dr Seddio. It is difficult to detect Swiss-cheese septum by
a conventional technique like transesophageal echocardiogra-
phy and angiography.
Dr Hanley. It is really hard to detect Swiss-cheese septum.
That is the reason we used a couple of slides to illustrate how
we define Swiss-cheese septum. I do not think anybody has a
really good definition. We have reserved that designation for
diffuse multiple defects, essentially throughout the entire sep-
tum. Many of these patients had complex, massive, almost
uncountable defects, localized to one particular area, like the
apex. We are not defining that as Swiss-cheese septum. And
we would merely put a large patch over that entire area, con-
ceptually thinking about it the same way that maybe our
interventional colleagues think about putting a large patch in
the apex for massive multiple VSDs in the apical septum,
except do it surgically, placing the patch very securely. 
It is very difficult to define VSD in the pathology laboratory,
and it is one step even more difficult to do it with our stan-
dard diagnostic techniques. I do not think there is an answer.
I agree with you that it is very difficult to define this condi-
tion one way or the other. 
Dr Thomas L. Spray (Philadelphia, Pa). I am concerned
about the definition of Swiss-cheese VSD. Multiple defects in
different locations are usually addressable and are not really
Swiss-cheese defects, which may be best described as “non-
compaction” of the ventricular septum. If you have a true
Swiss-cheese (non-compaction) defect and you use a band in
that patient, then you have the problem of what to do next.
What was the overall long-term plan in the patients in your
series who had initial banding with later rebanding? In multi-
ple defects like this (in true Swiss-cheese or non-compaction
defects), can you really get all of these defects closed? 
If you patch the entire septum, you have to address multi-
ple points of fixation of the patch or you end up with an
aneurysmal new septum to the right of the normal septum.
How do you address that issue?
I am surprised that you had so few defects noted at the
completion of the operation by transesophageal echocardiog-
raphy. Multiple defects are notoriously difficult to identify
before the initial repair, and once you close the major defects,
like the large apical or perimembranous defects, additional
small or moderate-sized anterior midmuscular defects are
then essentially unmasked that might require additional inter-
vention at the same operation.
Dr Hanley. If we were on the other side of the table, I think
we would be asking the same questions. All of these ques-
tions focus around how to define what is and is not Swiss-
cheese septum. I think there really is no clear definition. 
We agree with you completely that if there is a clear ele-
ment of non-compaction, the true diffuse spongy ventricu-
lar septum, that clearly is defined as Swiss-cheese septum.
I think it is impossible to perform septation in those
patients. 
Again, just to clarify the way we arbitrarily defined it in
this paper: If a patient had three VSDs, an apical one, an inlet
one, and an outlet one, we did not call that Swiss-cheese sep-
tum if the defects were discrete. On the other hand, many of
the defects that we were able to close in this experience we
think others might be calling Swiss-cheese septum because of
a localized element of this spongy ventricular septum or non-
compaction. However, if it were isolated to the apex, we
would put one large patch over that area to take care of it. 
Sixteen of the 37 patients having primary closure had resid-
ual defects. Thus I agree with you that defects can be
unmasked, as well. In this particular series they were mostly
quite small, with very low pulmonary/systemic flow ratios.
That may be a tribute to the ability of our echocardiographic
colleagues to identify either preoperatively or intraoperatively
with transesophageal echocardiography all or most of the
defects that would have been troublesome. 
To answer Dr Lacour-Gayet’s final question, yes, these are
big, time-consuming operations. I would not consider it advis-
able to insert big, deep sutures and take up most of the septum
in a 1500- or 1800-g infant. I think small size and prematurity
would weigh very heavily on our minds in terms of trying to
do primary closure in a patient with such complex anatomy.
